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SUMMARY 
1. The paper reviews the methodology of attempts to assess the importance 
of washout as a cause of loss of salmonid eggs and alevins. Particular 
. reference is made to studies by F.B.A. staff in Teesdale. 
2. The results are presented of various small-scale field trials using 
buried artificial salmonid eggs and tethered table tennis balls. 
a. Artificial eggs were buried at 5, 10 & 15 cm depth in Gt. Eggleshope 
Beck on 16 May, 1983 and 8 August, 1984, and were recovered by 
excavation on 4 June, 1984 and 6/7 June 1985. 
b. During the 1983-4 experiment there were 8 spate peaks of more than 
4m3s-1 and the highest was 7m3s-1. In 1984-5 there were three 
spate peaks of over 4m3s-1 and the highest was c. 9 m3s-1. 
c. The process of recovering eggs by excavation can be highly efficient. 
A recovery rate of over 98% was achieved amongst eggs buried at 
15 cm depth and excavated one day later. 
d. In the 1983-4 experiment most of the eggs (94%) buried at 5 cm 
depth were not recovered and were assumed to have been lost by 
washout. At 15 cm depth few eggs (8%) were not recovered. 
Percentage recovery from 10 cm depth was intermediate and variable 
(l3-72%). The results were well described by a sigmoid curve 
relating percentage recovered and depth of burial. The inflexion 
point of the curve was c. 10 cm. In the 1984-5 experiment 
virtually all of the eggs at 5 and 10 cm depths were lost (99.5% 
and 92.9% respectively) and even at 15 cm depth there was appreciable 
loss (mean = 43%). 
e. The results from 1983-4 suggested that, even when few eggs were 
actually lost by washout, some downstream movement of the upper 
layers of gravel and of artificial eggs might 
have taken place. The 1984-5 results confirmed that such 
movements occurred at the only site where there were some eggs 
recovered at 5 and 10 cm depths. The 5 and 10 cm eggs were 
recovered c. 0.85 m downstream of the point at which the 15 cm 
eggs were recovered and at which all three batches of eggs were 
originally buried. 
f. The results obtained from tethered table tennis balls were, in 
general, consistent with those obtained from artificial eggs. 
g. The results of these experiments were consistent with the results 
of detailed studies on depths of gravel depth disturbance in Gt, 
Eggleshope Beck (Carling, 1983; Carling & Hurley, in prep.). 
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INTRODUCTION 
Observations on several aspects of the washout of brown trout (Salmo 
trutta L.) eggs from redds in Teesdale streams were reported by Ottaway 
et al. (1981). An investigation of the movement of bedload relative to 
discharge and other factors, in two Teesdale streams, was reported by Carling 
(1983). In addition, studies aimed at predicting the burial depths of salmonid 
eggs, relative to the size of the female fish, the water velocity and the 
gravel composition are in progress within the F.B.A. and will be the subject of 
a separate report. 
The present report briefly restates the findings of Ottaway e t al. 
( 1981 ), considers additional data, explores gaps in present knowledge, and 
suggests possible means to fill those gaps. Some additional data on washout 
are presented. 
Elliott (1976) demonstrated that washout of eggs can occur in British 
streams and that appreciable numbers of eggs may occur in the drift. Ottaway 
et al. (1981) found trout eggs in non-quantitative drift samples . 
from Teesdale streams. Both Elliott and Ottaway et al. drew attention to 
conflicting statements in the world literature as to whether or not washout 
is an important cause of egg and/or alevin mortality. However, this conflict 
may be more apparent than real. Elliott (1984) studied Black Brows Beck, a 
stream with an equable flow regime and a stable bed in which sea trout spawn. 
In this stream washout was negligible and total mortality of young stages 
during spawning and incubation was usually less than 10%. However, he noted 
that in some more "flashy" Lake District streams the eggs of brown trout are 
buried close to the substratum surface and that high water velocities occur during 
spates. He suggested that, in such streams, mortality rates during incubation 
may be so high that a year class is virtually eliminated. Crisp et al. (1974,1975i 
1984) noted that the population density of trout fry in August in a number of 
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North Pennine streams was low (up to 2.0 fish m-2, but generally much lower)and 
showed large fluctuations from year to year. In some streams 0 group fish 
were absent or very scarce in some years. They suggested that, as there 
were adequate numbers of spawners and the spawning process appeared to proceed 
satisfactorily, these observations could reflect reduction of the number of 
young stages during incubation by some climatic effect. The most likely 
effect would be washout during spates. 
It is, therefore, important to make a distinction between different 
stream types. In many lowland streams, and some upland streams which are 
fed largely by groundwater, there is an equable flow regime, high water 
velocities rarely occur and washout mortality during incubation may be low. 
This is likely to lead to overproduction of parr and population density will 
then be regulated by biotic factors. In such streams the density-dependent 
effects observed for young trout by Le Cren (1973) and Elliott (1984) and for 
young salmon by Gee et al. (1978) will be apparent. However, the available 
evidence (largely circumstantial) suggests that in streams with large and 
rapid fluctuations of discharge, high water velocities during spates and 
unstable beds, substantial mortality may occur during incubation as a result 
of washout. This may frequently reduce the population density of parr below 
the level at which the density dependent effects operate. It is likely that 
the two stream types described above are rather extreme examples within a 
continuum. More information on the nature of this continuum would be valuable. 
It is also important to seek to quantify the relationship between water 
velocity and the washout of young stages. 
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METHODOLOGY 
Varied approaches have been made to the assessment of the" importance 
of egg/alevin washout. There are three general categories. 
1. Studies on the drift of eggs and alevins 
In many streams the drift of displaced eggs and alevins is difficult to 
measure. The drift of such material occurs mainly during spates and, at such 
times, it is not usually possible to filter the whole discharge of the stream. 
In all but the smallest streams, therefore, it is usual to filter a subsample 
of the stream flow. During large spates this subsample is a small proportion 
of the total and, if the concentration (number per unit volume of water) of 
eggs is low, the estimate of total drift will be imprecise. However, satisfactory 
estimates have been obtained for a Dartmoor stream and a Lake District stream 
(Elliott, 1976). From his samples Elliott concluded that the density 
(concentration) of drifting eggs could be related to water velocity at the 
water surface or close to the stream bed by means of power law equations. 
The logarithmic rate of increase in egg density in the drift was similar 
in the two streams and in different years, but the intercept varied between 
streams and between years. There are, however, some difficulties: 
i. The number of eggs available to be washed out in each stream is 
not known. It is not, therefore, possible to use the data to assess 
washout mortality relative to the number of available eggs. 
ii. The number of eggs passing a point in a stream may not be a good 
measure of total washout upstream of that point, because redeposition 
of some washed-out eggs may occur upstream of the sampling point. 
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iii. Although the data cover a period of three months (November to 
January) in each stream, there is no indication in the data of any 
depletion with time. If washout were causing substantial loss of 
eggs from redds and if the numbers of eggs reaching the sampling 
point were an index of washout, then such an effect should be evident. 
In order to use drift movements to quantify the effects of spates in 
causing washout from redds it would be necessary to have an estimate of the 
number of eggs available in a given short reach of stream and to know that 
there were no redds upstream of that reach; or else it would be necessary to 
filter out all eggs drifting into the reach from upstream. It would also 
be desirable to sample drift at a number of points along the length of the 
reach in order to obtain some idea of the dynamics of egg entrainment and 
settlement within the reach. 
2. Observations on a series of individual redds. 
This approach was used by Ottaway et al. (198l)in two Teesdale streams 
during 1978. Out of a total of 127 redds in Gt. Eggleshope Beck at least 
17% (possibly as many as 51%) were judged to have been washed out within 
63 days of construction. During this period spates of up to 5.4 m3 s-1 
(approximately bankful) were recorded in this stream (mean annual discharge . 
c. 0.2 m3s-1). In Thorsgill Beck, out of 42 redds, at least 30% (possibly 
as many as 58%) were washed out within 38 days of construction during which 
period spates of up to O.83 m3s-1 occurred (annual mean c. 0.05 m3 s-1). 
These results suggest that egg washout may be considerable. However, 
it is important to note that the assessment of washout was subjective and 
this leads to several uncertainties: 
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i. Estimates may be too low, because it is possible that eggs may be 
displaced from redds without the redds being disrupted to such an extent 
that the damage can be detected by eye. 
ii. Estimates may be too high because some of the structures observed may be 
"false redds" and contain no eggs. 
iii. The converse of i. may be true and this would give overestimates of 
the washout. The criterion used to assess washout of a redd was that, as 
a result of the action of spates, the structure of the redd was no longer 
discernible (Carling, pers. comm.). In some examples the whole 
redd was scoured out, leaving a depression in the bed of the stream and 
there can be little doubt that the eggs had been washed out. However, 
in other examples the observed change consisted simply of levelling of 
the redd tail and infilling of the pot. It is not certain that 
such modification reflects gravel disturbance to the depth of the egg 
pockets. 
It might be possible to use this approach to obtain more reliable results 
if some procedure could be developed to verify the visual assessments. For 
example, careful excavation or freeze-coring of subsamples of the redds at 
the beginning and end of the period of visual assessment would be useful. 
3. Development of predictive models. 
(a) General comments. 
Prediction of the occurrence and extent of washout depends upon acquisition 
of information in two separate, but interrelated, areas. First, there is a 
need to know the spatial distribution of redds within a stream and also the 
spatial distribution of eggs within redds (with particular reference to depth 
of burial). Second, there is a need to predict the extent, locations and 
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depth of streambed disturbance relative to some readily measurable physical 
variable (e.g. discharge). 
(b) The spatial distribution of redds and the depth distribution of eggs 
within redds. 
This topic, especially the depth of egg burial, will be the subject of 
a separate report. 
(c) The location, frequency and depth of gravel disturbance by spates. 
Quantitative information on this topic is essential for the prediction 
of washout. A physical approach to the problem was made by Carling (1983) 
who analysed the catches in bedload traps in two Teesdale streams and 
related them to stream discharge via physical concepts based on mathematical 
reasoning and published laboratory results. This work showed that the 
movement of coarse bed material could be related to stream discharge and 
differences between the two streams studied were attributed to differences 
in stream width (i.e. to differences in the relative importance of bank 
effects). Methods of predicting the percentage of streambed area likely to 
be subject to gravel disturbance at any given discharge are given by Carling 
(1981, 1982) and models which relate the probability of occurrence of spate 
events to time of year and the amount of bedload transport to spate magnitude 
have been developed (Carling & Hurley, in prep.). Carling (1983) suggested, 
as an approximate guide, that disturbance of bed material in stony streams 
occurred typically to a depth of one mean grain size. These findings are 
an important contribution to our knowledge about gravel movements. However, 
they leave two practical problems not completely resolved: 
i. Prediction, within a given stream, of the spatial distribution of 
gravel movement. Carling (1982) could find no evidence of distinct 
spatial variation in straight reaches. Some data on spatial distribution 
of movement for channel bends is given by Carling & McCahon (in prep.). 
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ii. Prediction of ,the depth of gravel disturbance at any given 
site relative to discharge. 
Neither of these topics will be discussed in detail here. It is 
likely, however, that, in the foreseeable future, detailed assessment 
of locations and depths of gravel disturbance add of the consequent effects 
in displacing salmonid eggs may be largely dependent upon empirical approaches. 
The remainder of this report examines such approaches. 
Some pilot experiments on the depth of gravel disturbance have been 
made in Teesdale streams. Although the data are inadequate for any detailed 
form of prediction, they do lead to simple techniques which, if deployed on 
a sufficiently large scale, might be of value in studies of the spatial 
distribution and depth of gravel disturbance. 
There are two general approaches to the measurement of gravel movement 
at a point (or points) within a portion of stream. The first is by means of 
a series of surveys of gravel level throughout a period of time. The second 
is by burying marker objects in the streambed and, after a single spate or 
a series of spates, either measuring how many objects and at what depth are 
still in position, or recovering the objects displaced. 
The survey approach was used by Ottaway et al. (1981) 
in a reach of Eggleshope Beck with a width of c. 6 m and a length of c. 
24 m. The levels were first surveyed on 6 June,1980 and were resurveyed on 
six other occasions between 10 August, 1980 and 10 November, 1980. Over the 
whole period of observation the spatial distribution of gravel within the 
reach changed very little. However, within shorter periods, changes in bed 
level were appreciable and scour of up to 20 cm and deposition of up to 17 cm 
were observed locally within the reach. It is important to note, 
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however, that during a series of spate discharges with peak values of 1 to 
6 m3s-1, the range of mean scour depths was only a few cm. This reflects 
the fact that the data indicate the net effect of scour and deposition upon 
gravel levels after the spate(s) rather than the depths to which the gravel 
was actually disturbed during each spate. 
There are two methods by which results can be obtained from experiments 
on buried marker objects. First, an attempt can be made to capture all displaced 
objects in some form of trap downstream of the burial sites. Ottaway et al. 
(1981) buried artificial trout eggs in Carl Beck and attempted to collect 
the displaced eggs in a fish trap, whilst Carling (pers. comm.) buried 
marked golf balls in Eggleshope Beck and sought to collect the displaced 
ones in a bedload trap. Neither of these endeavours was successful. The 
fish trap in Carl Beck caught very few artificial eggs, even though (see pp. 
11 8c 12) appreciable numbers were later shown to have been washed out. This 
could be partly attributed to overtopping of the trap during spates, but also 
to the possibility that many of the displaced eggs may have settled and been 
reburied before they reached the trap. The golf ball experiment in Eggleshope 
Beck gave similar disappointing results, probably for similar reasons. 
The second approach is via excavation of objects remaining in situ. Ottaway 
et al. (1981) made careful excavations at their burial sites. Recoveries 
of 97 to 100% of all artificial eggs buried at depths of 13 cm or more 
suggested that no scour had occurred to this depth at any of the burial 
sites and showed clearly that a very high percentage of the eggs still 
in situ could be recovered by excavation. This indicates that careful 
marking of the burial sites and painstaking excavation is likely to yield 
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useful information on depths of gravel disturbance. The artificial eggs 
can be colour coded and/or numbered (Ottaway, 1981) and the conditions 
required for their displacement are likely to be very similar to those 
required for real eggs (Crisp, 1984). Positioning of batches 
of artificial eggs during the initial burial can be achieved fairly easily 
by freezing the eggs into plates of ice in a deep freeze. The ice plates can 
be placed accurately within a hole in the stream bed and covered with gravel 
before the ice melts and releases the eggs. 
Another approach to the use of markers is to use fixed objects. One 
fairly standard method is by the use of buried scour chains. These have been 
used in Eggleshope Beck. The chains can be driven into the streambed with 
minimal disturbance of the surrounding gravel and they can indicate depths of 
scour and deposition during a single spate event, though they do not give 
any information on the temporal variation in scour and deposition during the 
course of the spate (Carling, 1982 ). During 1983-4 and 1984-5 
an alternative method was tested. The apparatus is shown in Figure 1. 
Several table tennis balls (3.5 cm diameter) were used. Each ball (A) 
was enclosed in a close-fitting bag of fine nylon mesh. The bag was then 
tied to a 1 m long piece of 20 lb (9 kg) breaking strain nylon monofilament 
(B). The balls, bags and points of attachment to the nylon were then thinly, 
but completely, coated with "Araldite" adhesive. The free ends of the nylon 
lines were attached to a steel peg (C). A hole of rather more than 1 m 
diameter was dug in the streambed. The steel peg was placed at the downstream 
end of the hole with its upper end at least 5 cm below the level of the 
surrounding gravel. The nylon lines were extended upstream and the hole 
was filled in. During this latter process, care was taken to ensure that 
each ball was buried at the specified depth, that its nylon tether 
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passed from the peg to the ball at the burial depth of the ball and that the 
nylon lines were not damaged. The nominal depth for each ball corresponded 
to the depth of burial of the middle of each ball. The use of this apparatus 
assumes that a ball will not be released unless gravel is disturbed to at 
least the nominal burial depth. When such disturbance does occur the ball 
will tend to float upwards, carrying with it some of its nylon line. 
Once this has occurred, the ball may be reburied in a position other than 
that where it was originally buried, it may remain floating on its line, 
or it may break away from the end of the line during spates and be lost. 
Any one of these outcomes indicates that the gravel has been disturbed 
to the approximate burial depth of the ball. 
EXPERIMENTS USING ARTIFICIAL EGGS AND TETHERED TABLE TENNIS BALLS. 
1. Methods 
Ottaway et al. (1981)buried eggs in batches of 100 at seven different 
sites in Carl Beck in early February-1981. A total of 11 batches were 
buried at a variety of depths between 2.5 and 13.5 cm. The egg batches 
were colour coded for site and depth. The sites were carefully excavated 
in early June 1981 and all eggs recovered were counted. 
Later burials of artificial eggs were made on 16 May 1983 and 8 August 
1984 at three sites on each occasion within a single spawning riffle in Eggleshope 
Beck using up to 1,000 eggs at each of three depths (5, 10 and 15 cm) at each 
site. The "frozen plate" method was used to position the eggs and the 
burial locations were recorded relative to distances from marked bank pegs. 
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The sites were excavated and eggs recovered on 4 June 1984 and on 6/7 June 
1985. In both of these trials the eggs were buried during periods of summer 
drought and compaction of the bed material occurred before the winter spates 
began. Recovery of eggs was not attempted until low flow conditions occurred 
during the following spring or summer. 
Trials were also made in 1983-4 and 1984-5 with two sets of tethered 
table tennis balls. Each set consisted of four balls with nominal burial 
depths of 5, 10, 15 and 20 cm. The balls were buried and re-excavated at 
the same times as the artificial eggs and within the same spawning riffle. 
2. Study streams 
Ottaway et al. (1981) worked in Carl Beck, whilst more recent work was in 
Gt. Eggleshope Beck(mean annual discharge c. 0.054 m3s-1). Details of the 
hydrology of these two streams were given by Carling (1981, 1985) and 
accounts of bedload and scour were given by Carling (1982, 
1983). The burial of artificial eggs in Carl Beck by Ottaway et al. 
occurred in 490 m of stream upstream of a fish trap at Nat. Grid Ref. 
NY/948231. The experiments of 1983-4 and 1984-5 were conducted within a 
single spawning riffle of Eggleshope Beck. (NT/982294) and a summary of 
peak discharges is given in Figure 2. 
3. Results 
The results of Ottaway et al. (1981) showed only small 
losses (0 to 2%) amongst eggs buried at 13.0 to 13.5 cm depth, whilst eggs 
buried between 2.5 and 7.3 cm had losses of 88 to 100%. Eggs buried at 
intermediate depths (9.0 to 12.0 cm) gave a wide range of estimated losses 
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(3 to 98%). It is probable that the small "losses" recorded amongst the 
more deeply buried eggs reflect failure to discover them during' the excavation 
process, rather than washout loss. If this is true, then the estimated 
losses should be adjusted downward by 0 to 2% for all depths in order to give 
a true estimate of washout losses. During the period of this experiment 
peak discharges in excess of 0.18 m3s-1 occurred on 16 occasions. The 
highest observed discharge was 2.61 m3s-1 on 22 March (c.f. c. 2.4 m3s-1 
at "bankful"). 
The results of the later egg burial experiments in Eggleshope Beck are 
shown in Table 1 and the data for 1983-4 show a general similarity to the 
results from Carl Beck. During the 1983-4 study period peak discharges 
>0.80 m3s-1 occurred on 21 occasions. Peak discharges of more than 4m3s-1 
occurred on 8 occasions and the highest peak was 7.0 m3s-1 on 4 February 
(Figure 2). Loss at 15 cm was rather less than 10%. This is higher than the 
values observed at 13 cm in Carl Beck and implies either that some genuine 
washout occurred at 15 cm in Eggleshope Beck, or that recovery of the eggs 
during excavation was less efficient than in Carl Beck. The results from 
tethered table tennis balls (see below) support the latter alternative 
and this would imply that a true estimate of percentage loss by washout at 
each depth could be c. 10% lower than the value given in the Table. The 
results show clearly that, within the area studied, most eggs buried at 5 cm 
depth were washed out but few, if any, at 15 cm depth. At 10 cm depth the 
degree of washout appears "to have been very variable between burial sites. 
TABLE 1. Summary of the results of experiments on artificial eggs buried in Eggleahope Beck during 1983-84 and 1984-85, 
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The relationship between percentage of eggs recovered and depth of 
initial burial for the 1983-4 experiment can be empirically represented 
by a sigmoid curve (Figure 3) and the point of inflection of the curve is 
c. 10 cm. A very similar curve, with a similar point of inflection, is a 
reasonable fit to the data of Ottaway et al., though not statistically 
significant (n = 11, r = 0.31, P>0.05). These results are consistent 
with the general conclusion (Carling, 1983) that gravel disturbance rarely 
extends below one mean grain size. Values of mean grain size are 6.2 + 3.0 
cm (95% C.L.) for Great Eggleshope Beck and 7.8 + 2.4 cm (95% C.L.) for 
Carl Beck (Carling, 1983). 
The 1984-5 study period had, in general, fewer and smaller spates 
than that of 1983-4. There were only 11 spates with peaks of > 0.8 m3s-1 
and only three with discharges of more than 4 m3s-1. However, on the night 
of May 14/15 1985, there were severe thunderstorms and a spate of c. 9 m3s-1 
occurred (Figure 2). This 'led to appreciable washout of eggs at a11 depths 
and the results (Table 1, Figure 4 suggest that the amount of washout 
was very variable at 15 cm and high at smaller depths (c.f. the inflection 
point of c. 10 cm in Figure 3). The 1984-5 egg batches were sited with 
batch 1 at a pool/riffle interface and batches 2 and 3 placed at c. 3 m 
intervals downstream into a riffle. In general, the percentage of eggs 
lost at any depth decreased through this succession and this trend was 
also associated with a visually detectable increase in gravel size. 
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The largest spate observed in this stream during a six year 
period by Carling & Hurley (in prep.) was 7.36 m3s-1 
and their results suggest 
that a spate of 9 m3s-1 would be an exceptional event, with a return 
period of perhaps 10 - 20 years. It would, therefore, be expected to 
cause substantial bed movement and a high rate of egg washout. This is 
consistent with the observed loss of artificial eggs and (see below) 
tethered table tennis balls during 1984—5. 
During excavation of the 1983-4 batches of eggs it was noted that 
the points at which eggs were recovered appeared to be somewhat downstream 
of the points at which they were originally buried. This was examined 
in more detail during 1984-5. The points of initial burial were very 
carefully defined. The eggs recovered from 15 cm depth in batches 2 and 
3 were found at exactly the points expected, but the batch 3 eggs 
originally buried at 5 and 10 cm depth were displaced downstream by c. 
O.85 m. This implies that even if they are not washed out of the redd, 
eggs may be displaced a small distance whilst still in the gravel. It 
is not clear whether this reflects complete disruption of the bed structure, 
followed by redeposition of some of the eggs and gravel; or a downstream 
movement of eggs through the fabric of the streambed during disturbance 
by spates. Whichever of these interpretations is correct, it is clear 
that even those eggs which remain within the gravel close to the point 
of burial may suffer some mechanical shock. 
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On June 6, 1985, 1,000 eggs were buried at a depth of 15 cm and 
984 (98%) of these were recovered by excavation on June 7. This single 
trial gives some indication of the level of efficiency which can be 
attained in recovering artificial eggs by direct excavation. 
The results from the buried table tennis balls are summarized in 
Table 2. During 1983-4 one of the two balls at 5 cm was lost and all 
others were recovered. This is reasonably consistent with the results 
from artificial eggs but gives an indication of rather less severe washout 
at 5 and 10 cm depth than that obtained from the eggs. The 5 cm ball 
at site 2 was first exposed after a spate of 4.8 m3s-1 in early December 
and disappeared during a series of spates of 4.2 to 6.8 m3s-1 in late 
December and early January. During 1984-5 all of the balls were lost 
apart from the 20 cm ball at site 1. This is consistent with the results 
from artificial eggs in indicating that, during the period of observation, 
reworking of the gravel occurred to depths of at least 10 cm and in 
some locations to depths of at least 15 cm. Although the large spate 
of 14/15 May was probably the major contributor to this, it is worth 
noting that the 10 cm ball at site 1 and the 5 cm ball at site 2 were 
exposed but not floating free on 8 October 1984, following a spate of 
only 2.4 m3 s-1 on 22 September 1984. 
TABLE 2. Presence or absence at the end of the period of observation of 
table tennis balls buried at each of four depths. 
16 
DISCUSSION 
1. Methodology 
Of a wide variety of possible approaches to the field assessment of 
egg washout, the three which, perhaps, show most promise are scour chains, 
tethered table tennis balls and artificial eggs. These all depend upon the 
recovery of residual marker objects rather than upon the retrieval of 
displaced objects. However, all three methods share several disadvantages: 
a. Deployment on the small scale on which they have been used in Teesdale 
gives little information on spatial variation of depth of gravel 
disturbance, whereas use on a larger scale would require large 
manpower resources. 
b. Scour chains are implanted in the gravel in a manner which causes 
minimal gravel disturbance. Their greatest value will, therefore, be 
in the study of the movement of gravel deposits which have not been 
worked by fish, though it would be possible to plant chains in natural 
or artificial redds. The implantation of table tennis balls or artificial 
eggs requires prior excavation of the gravel, if the objects are to be 
positioned accurately for depth. It could be argued that such excavation 
simulates, in some degree, the effects of redd cutting by salmonids. 
However, in practice, it is necessary to implant the objects during 
periods of reasonably low discharge and this usually means that 
appreciable infilling and consolidation of the gravel takes place 
before the occurrence of the next large spate. 
c. Low flows are required for satisfactory excavation of the objects at 
the end of the period of observation. Therefore, it would be difficult 
to use any of these methods to assess the effects of individual spates® 
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Though the use of artificial eggs is probably the most time-consuming 
of the three approaches it may also be the most useful. The results indicate 
that appreciable movement of the upper layers of the gravel, including 
buried eggs, may occur without the gravel necessarily being disrupted to 
the point where all (perhaps any) of the eggs Eire actually washed-out. 
Qualitative information of this type about the nature of gravel movement 
is, perhaps, more likely to be gained from artificial egg studies than from 
the use of scour chains or table tennis balls. 
2. Practical implications 
The studies in Carl Beck and Gt. Eggleshope Beck have generated small 
data sets which are rather lacking in detailed physical background data. 
Nevertheless, they give a direct demonstration that natural spates can wash 
out buried eggs within the range of burial depths observed amongst salmonid 
fishes. At the study sites the spates observed during the 1983-4 period of 
observation caused almost complete washout at 5 cm depth and appreciable 
losses at 10 cm. Washout to this depth poses a threat to the eggs of most 
brown trout. In 1984—5 there was fairly complete washout to depths of 
15 cm or more at some sites. Washout to this depth threatens the eggs 
of almost all brown trout and the eggs of some sea trout and salmon (Ottaway 
et al., 1981; Crisp & Carling, 1985). 
Carling & Hurley (in prep.) estimated that for Gt. Eggleshope Beck 
3 -1 bankful discharge was 5.6 m3s-1 and mean annual flood (2.3 year's recurrence 
interval) was 6.4 m3s-1. In general, appreciable bed movement in Gt. 
Eggleshope Beck should occur at discharges in excess of c. 90% bankful 
(5.1 m3s-1) and the size of particles moved will increase with discharge 
and show a marked increase in size as discharge exceeds c. 3.9 m3s-1 (Carling, 
pers. comm.). The results obtained from the experiments with artificial 
eggs are in general agreement with these approximate predictions. 
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